Morphologically, species of the genus have stigmas enlarged (but not 4-lobed), pedicels at fruiting stage enlarged and fleshy, seeds with a crustaceous thin testa, circular cup-like ventral infolds, linear chalaza extending ca. 2/3 to 3/4 of the seed length (from apex to base), lateral margin with thin edges, and T-shaped endosperm in cross-section. The genus is distributed in eastern Asia (China and Japan). The taxonomic novelties we report in this study at both the generic and species levels highlight the importance of collections-based research in today's integrative systematics.
Introduction
Recent systematic studies of Vitaceae facilitate the recognition of a new genus of Vitaceae that belongs to the tribe Cayratieae. The new genus Pseudocayratia J.Wen, L.M.Lu & Z.D.Chen is closely related to Tetrastigma Planch., Cayratia Juss., Causonis Raf., and Cyphostemma (Planch.) Alston. The genus was sampled in recent phylogenetic studies and was designated as clade I of Tetrastigma in Habib et al. (2017) . The two accessions from southeastern China sampled for the genus formed a clade sister to a large clade containing all the other species of Tetrastigma (also see Lu et al., 2013 Lu et al., , 2018 . Pseudocayratia seems closely related to Causonis by sharing the deciduous habit, pedate leaves, mostly bisexual flowers without conspicuously divided stigmas, and apically grooved seeds ( Fig. 1 ; cf. Habib et al., 2017 for Tetrastigma) . Even though it is sister to the Tetrastigma clade, it lacks the characteristic 4-lobed stigma of the latter (Wen, 2007; Chen et al., 2011a Chen et al., , 2011b Wen et al., 2018) , with the stigma only enlarged, appearing slightly lobed at the fruiting stage. The molecular phylogenetic data using 10 chloroplast loci clearly place it as sister to Tetrastigma (PP ¼ 1.00; BS ¼ 100%; Habib et al., 2017) , but the Pseudocayratia clade has a very long branch leading to the crown of the two accessions sampled (also see Fig. 2 ).
We hypothesize that Pseudocayratia may be of hybrid origin, between a lineage of Cayratia s.l. and a lineage of Tetrastigma. Such a hybridization event may have occurred in the very early diversification history of the tribe Cayratieae. There is some incongruence between nuclear and chloroplast data (e.g., Ishikawa et al., 2014) , hence we prefer to describe the lineage as a new genus, rather than placing it in Tetrastigma as the chloroplast data suggest its sister relationship to Tetrastigma. There is evidence that the nuclear data (AS1) weakly associate it to Causonis of Cayratia s.l. (Ishikawa et al., 2014) . But this hypothesis of hybrid origin needs to be tested with additional nuclear, especially phylogenomic data (Zimmer & Wen, 2015) .
In this paper, we describe and characterize the new genus Pseudocayratia, and provide a preliminary taxonomic treatment of the genus based on the available data on morphology, geographic distribution and molecular phylogenetic evidence.
We hope this paper will stimulate more integrative systematic studies on Pseudocayratia and its close relatives in Cayratieae . The study also utilizes the vast digitized resources of herbarium specimens, including types in various herbaria, highlighting the importance of collections-based research in the biodiversity informatics age .
Material and Methods

Morphological observations
Specimens from several major herbaria (A, E, GH, HAST, HK, MO, P, PE, PEM, US and WUK) were examined. Seeds were observed and photographed using a stereomicroscope (a Nikon SMZ1000 with a Nikon DXM 1200F digital camera) in the Fig. 1 . Seed morphology of Pseudocayratia showing elongate chalaza, cup shaped ventral infolds, T-shaped endosperm outline, and endotestal sclereids made of isodiametric polygonal cells. Dorsal, ventral, and transverse views of seeds (from left to right) of P. dichromocarpa (Wang 789; A-C), P. pengiana (Chen 53; D-F), and P. speciosa (Wen 12026; G-I) . J-L, Cells of seed coat for P. dichromocarpa (Zhou 26434; J), P. pengiana (Chen 53; K), and P. speciosa (Wen 12026; L).
State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences. Terminologies to describe seed morphology follow Chen (2009) and Chen and Manchester (2011) and those for inflorescences follow Gerrath et al. (2017) .
Phylogenetic analyses
The phylogenetic position of the new genus was analyzed within a global sampling scheme of Lu et al. (2016) , which included all major lineages of Cayratieae. Five chloroplast loci (atpB-rbcL, rps16, trnC-petN, trnH-psbA, and trnL-F) for species of Pseudocayratia were amplified and sequenced following the protocols and primers available in Lu et al. (2018) . Ten sequences were newly generated for this study and voucher information and GenBank accession numbers are provided in Appendix I. Sequence assemblage and alignment followed the protocols described in Habib et al. (2017) . The five chloroplast (5-cp) loci were combined and analyzed using the maximum likelihood (ML) and Bayesian inference (BI) methods. The ML analyses were conducted in RAxML 8.2.10 (Stamatakis, 2006) on the CIPRES Science Gateway Portal (Miller et al., 2010) under the GTR þ G model with 1000 bootstrap replicates.
The BI analysis was conducted in MrBayes 3.2.6 (Ronquist et al., 2012) as implemented on the CIPRES Science Gateway Portal. Two independent MCMC chains were run in parallel for 10 000 000 generations, and sampling every 1000 generations. We used Tracer 1.6 (Rambaut et al., 2014) to check that the effective sample size (ESS) for all relevant parameters was > 200. A 50% majority-rule consensus tree was calculated after discarding the first 25% trees as burn-in. The best-fit substitution model of the combined data set for BI analysis was GTR þ G þ I, as selected under the Akaike information criterion in jModelTest 2.1.10 (Darriba et al., 2012) .
Results
Seed morphology of representative species of Pseudocayratia is presented in Fig. 1 . Seeds of Pseudocayratia have a linear chalaza extending ca. 2/3 to 3/4 of the seed length (from apex to base), ventral infolds cup-like, lateral margin with thin edges, endosperm T-shaped in cross-section, and seed coat consisting of isodiametric polygonal cells. The combination of these seed characteristics has not been observed in other genera of Vitaceae. Phylogenetic analyses of the 5-cp data set strongly supported the new genus to be sister to Tetrastigma (BS ¼ 99%, PP ¼ 1.00; Fig. 2 ). Within Pseudocayratia, P. pengiana and P. yoshimurae are more closely related to each other than with other species (Fig. 2) .
Taxonomic Treatment
Herbaceous, semi-woody climbers, deciduous, sprawling to moderately high climbing. Branches with conspicuous striations; pith white, continuous through nodes; tendrils usually 3-, rarely 2-branched, leaf-opposed. Leaves pedately compound, usually 5-foliolate. Inflorescences bisexual, or gynomonoecious, leaf-opposed or appearing axillary, compound dichasia. Flowers usually bisexual or pistillate; calyx cup-shaped, inconspicuously 4-lobed; petals 4 or occasionally 5, distinct; nectary adnate to base of ovary, cup-shaped, 4-lobed; stamens 4 or occasionally 5; gynoecium 2-locular, style conic, short, stigma slightly enlarged, unlobed to rarely lobed. Berries red, turning black, globose to slightly ovoid-globose, pedicels enlarged, fleshy at the fruiting stage. Seeds 1-4 per fruit, with a crustaceous thin testa, seed margin with thin edges, thin edges sometimes covered by sarcotesta, both ventral and dorsal surfaces with intra-marginal muricate broad lines near the edges, ventral infolds cup-like, obovate in shape, chalaza linear, curved, occupying 2/3 to 3/4 of the seed length, dorsal surface conspicuously curved; endosperm T-shaped in cross-section.
Species 5; China and Japan. The genus is characterized by its mostly 3-branched and often coiled tendrils; stigma not 4-lobed, pedicels at fruiting stage enlarged and fleshy; fruits globose to ovoid-globose, red, turning black at maturity; seeds with a crustaceous thin testa, cup-like ventral infolds, linear chalaza occupying 2/3 to 3/4 of seed length, presence of intra-marginal muricate broad lines near the edges of seeds, and endosperm T-shaped in cross-section ( Fig. 1) .
Pseudocayratia is sister to Tetrastigma, but it differs from the latter by its bisexual flowers or occasionally female flowers present (vs. unisexual flowers in Tetrastigma), stigmas not conspicuously 4-divided (vs. conspicuously 4-divided in Tetrastigma), and a suite of distinctive seed characters as outlined above (see Habib et al., 2017 for detailed documentation of Tetrastigma seed morphology).
Pseudocayratia can be distinguished from Causonis Raf. largely by the seed characters, especially the cup-shaped (broad and shallow) ventral infolds, presence of intra-marginal muricate broad lines near the edges of seeds, and endosperm T-shaped in cross-section (vs. linear to narrowly triangular ventral infolds, the absence of intramarginal muricate broad lines near the edges of seeds, and the M-shaped outline of endosperm in cross-section in Causonis) ( Fig. 1 ; also see Chen & Manchester, 2011) . Climbers, herbaceous. Branchlets terete, green with purple longitudinal ridges, pilose; tendrils trifurcate. Leaves pedately 5-foliolate; stipules brownish, triangular-lanceolate, 1.6-2.5 Â 1.4-1.8 mm, membranous, apex acuminate; petiole 2-7.5 cm; central petiolule 14-38 mm, petiolules of basal and lateral leaflets 1-8 mm; leaflets elliptic or narrowly ovate, 2-11 Â 1-4.4 cm, abaxially light green, sparsely pilose with white hairs on veins, adaxially green to purplish green, but areas adjacent to the midvein whitish green with colorations, sparsely pubescent with short hairs, with lateral veins 6-11 pairs, veinlets conspicuous, often purplish, base cuneate to broadly so, margin 7-22-toothed on each side, teeth sharp, apex acuminate. Inflorescence compound dichasia with 5-15 dichasia, leaf-opposed; peduncle 3-8 cm, often with an articulation near the middle. Pedicel 2.7-3.5 mm, pilose. Calyx shallow and saucer-shaped, with papillose hairs, teeth inconspicuous. Petals 4, oval or ovate-elliptic, 1.4-1.7 mm, papillose. Anthers oval. Lower part of ovary adnate to disk, stigma slightly enlarged at anthesis, 0.2-0.3 mm. Fruits globose to ovoid globose, bright red, turning black, 8-9.5 Â 7-10 mm, 1-3-seeded. Seeds obovoid, 6.5-7.5 Â 5-6 mm, base rostrate, apex notched, ventral infolds obovoid to elliptic, chalaza linear, ca. 2/3 of the seed length. 2n ¼ 26 (Chu et al., 2018) .
Etymology: This species epithet "speciosa" describes the beautiful leaves with naturally colored leaflets and the beautiful fruiting clusters with enlarged pedicels and bright shining red to black fruits.
Phenology: Fl. May-Jun, fr. Jul-Aug. Ecology and distribution: Edge of forests or forests, mountain slopes; 300-900 m. Largely in Southeast and South China (Fujian, Guangdong, Guangxi, Jiangxi, and Zhejiang). Our phylogenetic analyses sampled two accessions of Pseudocayratia speciosa. The two accessions did not form a monophyletic group (Fig. 2) . We will further test the species delimitation in future efforts, as we detect little morphological differentiation at present of the two accessions from Fujian and Guangdong provinces. Climbers, herbaceous to semiwoody. Branchlets terete, with longitudinal ridges; tendrils trifurcate. Leaves pedately 5-foliolate; stipules brownish, lanceolate or triangular-lanceolate, 1.5-2.5 Â 1-1.4 mm, membranous, apex acuminate; petiole 2-6 cm; central petiolule 17-32 mm, petiolules of basal and lateral leaflets 1-6 mm; leaflets elliptic or narrowly ovate, 2.5-11 Â 0.8-3.3 cm, abaxially light green, sparsely pubescent, adaxially dark green to purplish green, often whitish green toward the midvein area, sparsely pubescent with short hairs, with lateral veins 6-9 pairs, veinlets inconspicuous, base cuneate to sometimes broadly so, margin 8-14-toothed on each side, teeth sharp, apex acuminate. Inflorescence compound dichasia with 3-12 dichasia, leaf-opposed or appearing axillary; peduncle 5-8.5 cm, often with an articulation near the middle. Pedicel 2-3.5 mm, pilose. Calyx shallow and saucer-shaped, with papillose hairs, teeth inconspicuous. Petals 4, oval or ovate-elliptic, 1.4-1.8 mm, papillose. Anthers oval. Lower part of ovary adnate to disk, stigma slightly enlarged at anthesis, 0.2-0.3 mm. Fruits globose to ovoid globose, red, turning black, 7.5-8.5 Â 7-8 mm, 2-4-seeded. Seeds obovoid, 5-6.5 Â 3.5-4.8 mm, base rostrate, apex retuse to slightly notched, ventral infolds obovoid to elliptic, chalaza linear, ca. 2/3 of the seed length.
Etymology: This beautiful species of Pseudocayratia is named after the late Dr. Ching-I Peng at HAST in honor of his tremendous contributions to botanical sciences in Taiwan. Dr. Peng served as the graduate advisor of Tsai-Wen Hsu for his doctoral dissertation research.
Phenology: Fl. Apr-May, fr. May-Jul. Pseudocayratia pengiana was initially designated as Cayratia formosana Hsu & Kuoh (Hsu, 1999) , but was never formally published.
Lu, comb. nov. (Fig. 5 Climbers, herbaceous. Branchlets terete, with longitudinal ridges, villous with long brown segmented hairs 1-1.5 mm; tendrils 2-3-furcate. Leaves pedately 5-foliolate. Occasionally appearing digitately 5-foliolate; stipules brownish, lanceolate, 2.8-3.5 Â 1-1.4 mm, membranous, nearly glabrous; petiole 2.5-7 cm; central petiolule 1.5-3 cm, lateral petiolules short, petiolules of lateral leaflet complex 0.5-1.5 cm, with dense, long, soft brown segmented hairs; leaflets abaxially with dense long segmented hairs, hairs appressed on midvein, adaxially pilose with appressed hairs to nearly glabrous, lateral veins 4-9 pairs, veinlets inconspicuous; central leaflet elliptic-lanceolate or elliptic, 4.5-10 Â 2.5-5 cm, base cuneate, margin 7-14-toothed on each side, apex caudate-acuminate; lateral leaflets ovate-elliptic or oval, 3.5-7 Â 1.3-3.5 cm, base cuneate or nearly rounded, margin 5-8-toothed on each side, apex acute or acuminate. Inflorescence compound dichasia, leaf-opposed, with fewer than 12 dichasia; peduncle 1-4.5 cm, with dense, elongated, brown, segmented hairs. Pedicel 1.5-2 mm, villous with segmented hairs. Buds oval, 1.5-2 mm, apex rounded. Calyx shallow and saucer-shaped, with brown segmented hairs, teeth inconspicuous. Petals 4, oval, 1-1.5 mm, with segmented hairs. Anthers oval. Disk well developed, 4-lobed. Lower part of ovary adnate to disk; style fine; stigma slightly expanded. Fruits globose, 8-10 mm in diam., 2-4-seeded. Seeds obovoid-elliptic, 6-7 Â 3.8-4.2 mm, base rostrate, apex retuse, slightly ridged near the middle, ventral infolds broadly obovate-elliptic, chalaza linear, nearly to apex.
Phenology: Fl. May-Jul, fr. Aug-Sep. Ecology and distribution: Forests or edges of forests on mountain slopes and in valleys; mid-montane elevations, 1100-1350 m. Largely in Central China (Chongqing, Guizhou, Hubei, and Shaanxi).
Representative specimens examined. CHONGQING: TchenKeou-Tin, R.P. Farges s.n. (P, 02395998). GUIZHOU: as Kouytcheou, M. Cavalerie s.n. (P, 02395995). HUBEI: Hupeh, 1885-1888, fl, A. Henry 5952A (GH). Shennongjia, Banfumiaoping, The holotype (Fig. 5 ) bears the handwriting of Gagnepain "Cayratia oligocarpa Gagnep." The specimen also has the sketches of a floral bud, a bisexual flower showing anthers, floral disc and style, a seed showing the cup-shaped ventral infolds and the intra-marginal muricate broad lines near the edges, and a seed cross-section showing the T-shaped endosperm (Fig. 5) . The floral and seed characters were well described in Gagnepain (1911) . (Fig. 6 Climbers, herbaceous to semiwoody. Branchlets terete, with longitudinal ridges; tendrils trifurcate, sometimes apex of one branch with vestiges of abortive inflorescences. Leaves pedately 5-foliolate; stipules brownish, lanceolate or ovate-lanceolate, 3-4.5 Â 1-2 mm, membranous, apex acuminate; petiole 5-12 cm; central petiolule 30-50 mm, petiolules of basal leaflets short to occasionally absent, petiolules of lateral leaflets complex, 8-15 mm; leaflets elliptic or ovate-elliptic, 5-17 Â 2-9 cm, abaxially light glaucous, pubescent to densely so with white hairs, adaxially green, pubescent with short grayish hairs, or densely so on veins, with lateral veins 6-10 pairs, veinlets inconspicuous, base cuneate, or bases of lateral leaflets nearly rounded, margin 15-28-toothed on each side, teeth sharp to obtuse, apex acute or acuminate. Inflorescence compound dichasia with 20 or more dichasia, leaf-opposed or appearing axillary; peduncle 2.5-5 cm, generally without an articulation near the middle. Pedicel 2-3 mm, pilose. Calyx shallow and saucer-shaped, with papillose hairs, teeth inconspicuous. Petals 4, oval or ovate-elliptic, 1-1.5 mm, papillose. Anthers oval. Lower part of ovary adnate to disk. Fruits globose, red, turning black, 10-12 mm in diam., 2-4-seeded. Seeds obovoid, 7-8.5 Â 5-7 mm, base rostrate, apex notched, ventral infolds obovoid to elliptic, chalaza linear, 2/3 to 3/4 of the seed length.
Phenology: Fl. May-Aug, fr. Jul-Oct. Ecology and distribution: Forests, shrublands, on rocks or cliffs of hillsides; 600-2700 m. Chongqing, Guangxi, Guizhou, Hubei, Hunan, Shaanxi, Sichuan and Yunnan of China.
Representative specimens examined: CHONGQING: Fengjie, Xinhe Xiang, 99 Curves, 800 m, 26 Jun 1958, fr, H. L eveill e (1907) described Vitis dichromocarpa H.L ev. The species was transferred by Rehder (1934) to Cayratia as C. dichromocarpa (H.L ev.) Rehder, but the species was not recognized by Chen et al. (2007) in the Flora of China treatment due to the lack of sufficient specimens for the study at that time. This species has been neglected and was often misidentified as Cayratia oligocarpa. Li (1996) recognized it as distinct from Cayratia oligocarpa and described it as a new species C. albifolia (also see Li, 1998) . Our examinations and comparisons of the type specimens and the herbarium collections suggest the identity of Vitis dichromocarpa and Cayratia albifolia.
When Gagnepain (1911) described Cayratia oligocarpa (H. L ev. & Van.) Gagnep. f. glabra Gagnep., he cited five syntypes, Ducloux 499 from Yunnan is a specimen bearing inflorescences and tendrils and well represents the morphology of the taxon. We thus designate Ducloux 499 as the lectotype.
In the original description of Cayratia albifolia, Li (1996) Leaves pedately 5-foliolate; stipules brownish, triangular to narrowly so, 1.5-2 Â 1-1.5 mm, membranous, apex acute to acuminate; petiole 1.5-8.1 cm; central petiolule 10-30 mm, petiolules of basal and lateral leaflets 3-6 mm; leaflets narrowly ovate to ovate, 2.5-8.2 Â 1.2-3.9 cm, abaxially light green, sparsely pilose to glabrescent, adaxially green, pilose with short hairs, with lateral veins 6-8 pairs, veinlets inconspicuous, base cuneate, often obliquely so, sometimes broadly cuneate, margin 6-9-toothed on each side, teeth short and sharp, apex acute to acuminate. Inflorescence compound dichasia with 3-10 (12) dichasia, leaf-opposed; peduncle 2.5-5.7 cm, often without an articulation near the middle. Pedicel 2-3.5 mm, sparsely pilose. Calyx shallow and saucer-shaped, with sparse papillose hairs, teeth inconspicuous. Petals 4 or 5, oval or ovate-elliptic, 1.3-1.8 mm, sparsely papillose. Anthers oval. Lower part of ovary adnate to disk, stigma slightly enlarged at anthesis, 0.2-0.5 mm. Fruits globose, 7-8 mm in diam., with stigmas enlarged and slightly lobed, 1-4-seeded. Seeds obovoid, ca. 7 mm long, base acute, apex notched, subcordate, ventral infolds concave, chalaza linear. 2n ¼ 40.
Phenology: Fl. Jun-Jul, fr. Aug. Ecology and distribution: Forests and forest edges; 50-450 m. Kyushu and Ryukyu of Japan. Osumi, Okawa-mura, mountain, sylvan place, Aug 1910, T. Makino). We designate the specimen in MAK as the lectotype of P. yoshimurae as it represents the species and has a precise description of the locality.
Pseudocayratia yoshimurae has had a highly controversial taxonomic history and remains poorly understood. Ohwi (1965) placed it as a synonym of Cayratia corniculata (Benth.) Gagnep., which now belongs to Causonis as C. corniculata (Benth.) J.Wen & L.M.Lu . Walker (1976) mentioned the species Cayratia yoshimurae in the context of Cayratia japonica (Thunb.) Gagnep., yet argued that Cayratia yoshimurae was based on character variations in pubescence and leaf margins, and needed more critical study. Ohba (1999) recognized Cayratia yoshimurae as a distinct species from Cayratia japonica, which is now placed in Causonis .
Nevertheless, Pseudocayratia yoshimurae is highly distinctive from Cayratia corniculata or Causonis corniculata. Causonis corniculata has bifurcate (vs. trifurcate in P. yoshimurae) tendrils, glabrous (vs. pilose with short hairs in P. yoshimurae) leaflets, corniculate (not corniculate, only slightly hooded in P. yoshimurae) petals at apex, and seeds with grove-like (vs. cup-like in P. yoshimurae) ventral infolds.
The chromosome number of Pseudocayratia yoshimurae was reported to be 2n ¼ 40 by Okada & Tsukaya (2003) . At the time the authors used the name Cayratia corniculata, following the treatment of Hatusima (1975) . But clearly their voucher belongs to Pseudocayratia yoshimurae. 
